INTRODUCTION
Cardiovascular disease, including coronary heart disease (CHD), represents the main cause of death in European Union countries, including Poland. Coronary artery bypass graft surgery (CABG), in accordance with cardiovascular associations, is the method of choice in patients with advanced heart disease. In 2005 in Poland, the CABG procedure was performed in 14.3% of patients with confirmed CHD, and more frequently in men (17.6%) when compared with women (10.6%) [1] . Data concerning mortality and morbidity in men and women post-CABG is contradictory. There is evidence that female gender is a risk factor in CABG surgery. A higher hospital mortality rate was observed in women than men. There are reports that gender does not influence revascularization frequency in the heart muscle or the prognosis for patients with stable CHD [2] .
CHD pathogenesis is of a complex nature and dependent on many factors. The most commonly mentioned include dyslipidaemia, hypertension, endothelial dysfunction, diabetes and smoking. The majority of these factors indicate a tendency to occur with disorders in body composition, excess weight and obesity, significantly associated with lack of physical activity [3, 4, 5, 6] . Obesity is a known risk factor for cardiovascular disease, but also muscle mass deficiency, the main component of fat free mass (FFM), is an independent risk factor in patients with CHD. A relationship between increased mortality in CHD patients with low FFM index and simultaneously a low level of body fat (BF) has been described.
Cardiac rehabilitation (CR) is the standard medical procedure in persons post CABG. Its basic aim is to combat CHD risk factors through physical activity and normalization of body mass [6, 7] . Expanded CR following cardiac arrest or CABG reduces morbidity and hospitalization periods due to cardiovascular reasons. It is suggested that CR reduces the risk of death within three years by 25%. Patients participating in CR have an improved body composition profile in the context of CHD risk factors in comparison with a control group. The list of mentioned effects of CR concerning changes in body composition includes reduced body mass, body mass index (BMI) and BF, mainly visceral deposits, and increased FFM. Observations included improved muscle strength, increased FFM and reduced BF, particularly in CR programmes with elements of strength training. Improved endothelial function, increased physical capacity, improved lipid profile, reduced insulin levels in fasting CHD patients were also observed.
Many authors highlight the differences in response to training in CR as dependent on gender, age and occurrence of accompanying disease, and suggest an individual approach in procedures to combat cardiological risk factors in CHD patients [8, 9, 10] . Tests indicate that women participating in CR are older and present a greater load on the circulatory system. Older CHD patients, when compared to younger, present a higher degree of disability, partly based on lower levels of skeletal muscle strength. The reduced secretion of androgens that comes with age may lead to reduced muscle mass and strength and development of abdominal obesity in older persons. The described process, low level of physical activity and disease result in a low FFM level, which leads to reduced motor capabilities in CHD patients more advanced in age. This results in adverse changes in body composition and is also the cause of varied responses to training.
Research into the use of CR in varied patient groups post heart surgery in the context of risk factor reduction associated with body composition is limited. The aim of this work is to assess the effectiveness of a three-week early hospital CR in reference to body composition changes in patients over 50 years of age.
MATERIALS AND METHOD
Research was conducted on a randomly selected group of 65 patients after CABG between the ages of 50-76 (average: 62.6 ± 7.2) at the Lower Silesia Centre for Heart Disease MEDINET in Wroclaw, Poland. All patients were diagnosed with CHD. Following surgery, the patients participated in the second stage of three-week early CR. All subjects were treated pharmacologically in accordance with Polish Cardiological Association guidelines. Criteria for exclusion from the study were: lack of patient consent, age below 50 years, and complications following CABG, constituting contraindications for commencement of CR according to procedure.
Measurements were taken of each subject's height, body mass, waist and hips, which were than used to calculate BMI [body mass (kg) / height (m 2 )] and WHR [waist (cm) / hips (cm)]. Assessment of body fat based on the above indices was performed in accordance with criteria recommended by the WHO. Correct weight-height proportions were defined as BMI < 25.0 kg/m 2 . Waist measurement and WHR were used as indicators of abdominal obesity, with values for men > 102 cm and ≥ 1.00 and for women > 88 cm and ≥ 0.85, respectively. Body composition was estimated using bioelectrical impedance analysis (BIA), using analyzer STA/BIA RJL-Akern 101/S (Italy). Measurements were taken twice, at the beginning of the three-week CR, and upon completion, prior to discharge from hospital. The following body composition components were analyzed: percent of fatty tissue (BF), fat free mass (FFM), total body water (TBW) and cell mass. Comparison of body composition parameters was performed in age groups < 65 and ≥ 65 years, in separate groups for men and women.
The rehabilitation programme included morning gymnastics (15 min), general conditioning gymnastics (2×30 min), breathing exercises: diaphragmatic, shoulder relaxing, chest expanding (2×15 min), relaxation training (30 min), cycle training, and additionally walking, massage and Biotron lamp exposure. An individual cycle training programme was determined using information gathered during the stress test. The stress test was conducted on a bicycle ergometer, Ramp stepped protocol 0-300 Watt. Recordings were made of stress test duration (min:s), power released during the test (Watts), energy expenditure (METs), resting and exercise heart rate (beats/min), maximum systolic and diastolic blood pressure (mmHg). Stress test results provided a basis for qualification of subjects to the appropriate model of the second stage of CR. In the majority of patients (82%) models D and C were applied, and then B. For the remaining, model D and C (9%) or only D (9%).
Statistical calculations were made using Statistica Version 9.0 of Statsoft Poland. The data presented in the text and tables of the work are expressed as mean values ± standard deviation (SD) for continuous variables and as figures and percentages for qualitative variables. The differences between the two samples of independent variables were studied with the U Mann-Whitney test. The significance of differences between mean values for dependent variables (prior to and following rehabilitations) was analyzed with Wilcoxon's non-parametric test. For comparison of more than two independent groups, the Kruskal-Wallis non-parametric test was used. For comparison of differences between qualitative values, a test of the difference between the indices of the structure was used. A value of p < 0.05 was considered statistically significant.
RESULTS
The characteristics of the patient group post CABG who participated in the second stage of CR are presented in Table 1 . In the random group of 65 patients, the majority were men (67.7%). The average age of the men did not differ significantly in comparison with the women. There were also no statistically significant difference between mean BMI values and frequency of accompanying disease. Statistically significant differences in body height (p < 0.0001), body mass (p < 0,0001), waist measurement (p < 0.02) and WHR (p < 0,0001) were observed in men when compared to women. An increased level of total BF was indicated in 93.8% of all patients (93.2% in men and 95.2% in women) according to BIA, whereas 76.9% (77.3% in men and 76.2% in women) according to BMI (≥ 25 kg/m 2 ). The percentage of subjects with excess weight according to both methods did not differ significantly when in comparing the men and women. In 25% of men, waist measurement exceeded 102 cm, in 71.4% of women waist measurement exceeded 88 cm. Abdominal obesity, defined with WHR was presented in 76.2% of women (WHR ≥ 0.85) and 29.5% of men (WHR ≥ 1). Abdominal obesity, measured as waist measurement and WHR, occurred statistically significantly more frequently in women compared to men (p < 0.04). In addition to CHD, the subject patients frequently presented hypertension (78.5%) and type 2 diabetes (29.2%) (Tab. 1).
Results of the stress test for men and women in age groups <65 and ≥65 are presented in Table 2 . Physical capacity did not differ statistically significantly between the compared groups with consideration of the patients' gender and age, and was accepted as a mean value from 3.3 ± 1.0 METs (women ≥ 65 years) to 4.5 ± 1.3 METs (men < 65 years). Among the studied parameters, the only statistically significant difference was in stress test duration (min:s) and power released (Watts) in comparison between men <65 and women ≥ 65 years (p < 0.05). These parameters did not significantly differentiate men in both age groups and women < 65 years. The average values for resting and exercise heart rate (beats/min) and maximum systolic and diastolic blood pressure (mmHg) were comparable in the subject patient groups with consideration of gender and age.
The effects of the three-week CR exercise programme on anthropometric and BF indices are presented in Table 3 . A statistically significant reduction was observed in body mass and BMI in men from both subject age groups (, p < 0,0005 and p = 0.02) and in women < 65 years (p = 0,005). The percentage of observed change in body mass and BMI was greatest in men < 65 years (respectively, -3.3 and -3.4%), and smallest in men ≥ 65 years (respectively, -2.7% and -2.9%). Changes in body composition according to BIA during CR were observed only in subject patients < 65 years. BF content in men <65 was reduced significantly from an average value of 33.6 ± 7.1% at commencement of rehabilitation to 28.7±7.9% at completion (p = 0,003), and in women in the same age group from a value of 39.9 ± 3.3% to 36.1 ± 4.5% (p = 0,006). The percentage of observed change in BF levels was far greater in men than in women (respectively, -17.6 and -9.5%). Only in subject patients < 65 years did the CR exercise programme significantly influence an increased proportion of FFM in body composition, in men from an average value of 66.4 ± 7.1% before to 71.2 ± 7.5% after CR (p = 0,003), and in women, respectively, from 60.1 ± 3.3% to 63.9 ± 4.5% (p = 0,006). Only in men < 65 years there was observed a percentage increase of BCM in body composition from a value of 32.9 ± 4.8 % to 34.9 ± 4.3% (p = 0,0005). The statistically significant changes in TBW % observed in patients < 65 years (p = 0,0004 in men and p = 0.005 in women) are a manifestation of reduced BF content and increased muscle mass. In women ≥ 65 years, no statistically significant changes were observed of mean values of anthropometric characteristics and body composition components according to BIA during the CR exercise programme.
DISCUSSION
According to the National Institute of Health, CABG is currently the most recommended surgical procedure among CHD patients, which increases chances of survival in comparison with non-surgical procedures. Research shows that more men than women with confirmed CHD undergo the CABG procedure, although the long-term benefits of this treatment method are comparable for both genders [11] . In the presented study, women accounted for 32% of subject patients from a randomly selected group of patients over the age of 50 who had undergone the CABG procedure. Among the risk factors for CHD, together with smoking, the most frequently mentioned are body composition disorders resulting from excess BF. It has been shown that a high level of fat measured according to BMI is associated with an increased risk of repeat coronary incidents, particularly among obese patients [3] . In the current research, 77% of men and 76% of women had BMI ≥ 25 kg/m 2 and presented increased fat according to BIA -above 22% in men and above 30% in women -respectively 93% and 95% (Tab. 1). Central fatty tissue distribution has a greater significance in the assessment of CHD risk. From population-based studies of persons over the age of 45, it is observed that abdominal obesity indicators in both genders are positively associated with CHD, independently of BMI and conventional coronary heart disease risk factors, and are higher in women than in men [4] . Abramov et al. [2] have shown that the difference in risk factor profiles of men and women has a greater influence on treatment outcomes than female gender. Tests on men in middle and advanced age indicated a weak correlation between abdominal fat tissue, measured both in terms of WHR and waist measurement, and CHD risk [12] . In older women, visceral fat tissue is an independent heart disease risk factor [5] . Similarly, in the subject group of patients above the age of 50, abdominal obesity measured in waist measurement and WHR was present statistically significantly more frequently in women (respectively, 71% and 76%) than in men (respectively, 25% and 29.5 %). However, no differentiation was observed between the genders concerning the frequency of other accompanying disease (Tab. 1). Hypertension presented in more than 75% of patients, and almost 30% suffered from type 2 diabetes.
CR is a scientifically proven method for reducing mortality, hospitalization and improvement in life quality for all cardiologic patient groups, regardless of age, gender or cardiac pathology [7] . Participation in CR following a heart attack and in post CABG patients is associated with a significant reduction in mortality independently of other treatment methods [13] . The beneficial effects of CR are observed in patients with heart failure, as well as older persons [17] in whom the degree of improvement in organism function following CR is independent of the occurrence of an accompanying disease [14] . Early post-surgery CR significantly improves physical capacity and life quality in post CABG patients [15] . The expected effects of change in body composition under the influence of CR training, in the context of reduced CHD risk factors, include reduced BF mass and increased muscle mass. In the subject group of post CABG patients, the benefits of participation in the three-week training programme in terms of change in body composition indicated differentiation depending on gender and age (Tab. 3). In the majority of subjects, with the exception of women ≥ 65 years, there was observed a reduction in body mass and general fat, measured according to BMI. The greatest difference in body mass and BMI between the initial and final examinations were observed in the group < 65 years, and was comparable for men and women. In the group of men ≥ 65 years a smaller difference in these characteristics was observed. Changes in the remaining body composition parameters, including fat level, hydration and muscle mass development were observed only in subject patients < 65 years. No statistically significant changes in body composition were observed in response to training for men and women ≥ 65 years. Similarly, studies conducted by [16] did not indicate an improvement in body composition parameters resulting from CR in persons ≥ 65 years. In the group of younger subjects, the rebuilding of body composition took a similar course in both genderss. All of the effects of change in body composition changed significantly between the 1st and 3rd weeks of CR in both groups, although the changes were greater in men than in women. Benefits from participation in CR training involved reduced BF and development of muscle mass, the main component of LBM, the result of which was a statistically significant change in body water content. Furthermore, in men < 65 years participating in rehabilitation gymnastics there was a significant increase in the percentage of BCM, an indicator of muscle mass development. Also, studies of patients with heart failure conducted by [6] show that women at the age of 60 present similar patterns of improvement during CR when compared with men. Hospital CR programmes are particularly valuable for patients of an advanced age, who are not yet ready to be discharged following serious cardiac function disorders [17] . British observations conducted between 1993-2006 indicate that CR participants are increasingly older, which may result in the necessity to introduce changes into existing CR programmes [8] . These observations are confirmed in the presented findings.
A 3-week hospital CR programme provides the greatest benefit in the reduction of cardiological CHD risk factors associated with body composition in men and women post CABG at an age < 65 years, whereas in men ≥ 65 it results only in reduced body mass and BMI. However, it does not induce any statistically significant change in body composition in older women. The creation of new therapeutic strategies within the scope of CR may be of significance with an ageing population, as highlighted by [18] .
Studies show that despite the numerous proven benefits of participation in CR, the method remains to a large degree unexploited in women [9] . Daniels et al. [10] draws attention to the diversity in heart disease pathophysiology in women in the context of CR. Multi-factor analysis has shown low physical capacity, high BMI, smoking, diabetes and widowhood to be significant independent factors in the premature failure of CR. A low level has been shown of CR application in women post-cardiac surgery and hospitalized for extended periods [20] . Grace et al. [21] showed that, in comparison with men, women are less willing to participate in CR and more frequently consider physical exercise to be tiring and painful. Women are significantly more likely than men to resign from CR due to greater health problems, particularly concerning skeletal muscles, and for other medical reasons [22] . Women have higher BMI, more accompanying diseases, more frequently require immediate surgery, and are older at the time of surgery [23] . Women post CABG present more serious symptoms of depression, greater symptoms of anxiety and worse rehabilitation results in relation to level of stress after training [24] . During CR, women less frequently participate in training, are older and present a greater burden on the circulatory system, and the rehabilitation programme for them is longer [25] . The findings of the current study also confirm these observation.
No statistically significant differences were found in physical capacity, defined on the basis of a stress test, between the compared groups with consideration of division by patient age and gender. However, the stress test duration and power released during the test were significantly lower in the group of women ≥ 65 years (Tab. 2). The age and gender dependent differences in physiological effects over the three-week post surgical CR programme may be explained by a greater increase in body composition parameters in patients with a mean age <65 years when compared with the older age group, and in men when compared with women. Furthermore, these result from the ageing process which changes body composition and has an influence on the organism's physical capacity.
CONCLUSIONS
Patients ≥ 65 years of age following CABG surgery over a period of hospital CR did not experience the same significant improvement in body composition parameters associated with risk of CHD as middle-aged adults. Older women post CABG are characterized by a higher disability index in relation to tolerance to physical stress in comparison with men of the same age and persons < 65 years of age.
